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PREFACE 

The  work  reported  herein  was  conducted  by  the  Arnold  Engineering 
Development  Center  (AEDC),  Air  1'oroo  Systems  Command  (AFSC),  at  the 
request  of  the  Air  Force  Armament  Laboratory  (AFATL/DLJC) , under  Program 
Element  62602F,  Project  2567,  Task  01.  The  AFATL  project  monitor  was 
Mr.  A1  Marrln.  The  test  results  were  obtained  by  ARC,  Inc.  (a  subsidiary 
of  Sverdrup  & Parcel  and  Associates,  Inc.),  contract  operator  of  the 
AEDC,  AFSC,  Arnold  Air  Force  Station,  Tennessee,  under  ARC  Project 
No.  P61C-C6A,  The  author  of  the  report  was  E.  G.  Alice,  Jr.,  ARO,  Inc. 
Testing  was  accomplished  during  the  period  May  10  through  14,  1976,  and 
the  data  reduction  was  completed  on  June  10,  1976.  The  manuscript  (ARO 
Control  No,  ARO-PWT-TR-76-96)' was  submitted  for  publication  on  August 
23,  1976.  ' V 


1 


CONTENTS 


Page 

1.0  INTRODUCTION  7 

2.0  APPARATUS 

2.1  Te.st  Facility 7 

2.2  Tost  Aruiclcs 8 

2.3  Instrumentation  9 

,3.0  TEST  DESCRIPTION 

3.1  Test  Conditions 9 

3.2  Data  Acquisition 10 

3.3  Corrections  . 11 

3.4  Precision  of;  Data 12 

4.0  RESULTS  AND  DISCUSSION 

4.1  Trajectory  Data 13 

4.2  Free-Stream  Data 13 


4.3  Aerodynamic  Loads  Surveys  13 

ILLUSTRATIONS 

Figaife 

1.  Isometric  Drawing  of  a Typical  Store  Separation 
Installation  and  a Block  Diagram *of  the  Computer 


Control  Loop 15 

2.  Schematics  of  Test  Installations . 16 

3.  Dimensional  Sketch  of  the  P-16  Parent  Model 18 

4.  Dimensional  Sketches  of  the  Store  Models 19 

5.  F-16  Model  Pylons  and  Racks 25 

6.  In.stallatlon  Photographs 30 

7.  Store  Orientation  33 

fi.  Configuration  Ideutlf ic.iclon 34 

9.  Trajectories  Obtained  with  the  GBU-8 35 


10.  Trajectorle.s  Obtained  with  the  MK-82SE 39 


3 


AEDC-Tn.76-147 


FI an to 

11.  Free-Rtroatn  Aerodynamic  Coefficients 

12.  Aerodynamic  Characteristics  of  the  DLU-27B/B, 

Configuration  1 

BLU-27B/B  Coefficient  Variation  with  Aircraft  Angle 
of  Attack,  Configuration  1 ....... 

1A.  Effect  of  an  .Adjacent  Store  on  the  BLU-27B/B, 

Configurations  1 and  2 

15.  Aerodynamic  Characteristics  of  the  BLU-27B/B, 

Configuration  3 . 

16.  BLU~27B/B  Coefficient  Variation  with  Aircraft  Angle 

of  Attack,  Configuration  3 . 

17.  Effect  of  an  Adjacent  Store  on  the  BLU-27B/B, 

Configurations  3 and  4 ....  . 

18.  Aerodynamic  Characteristics  of  the  BLU-27B/B, 

Configuration  5 

19.  .Aerodynamic  Characteristics  of  the  BLU-27B/B, 

Configuration  6 ...  

20.  Aerodynamic  Characteristics  of  the  GBU-8, 

Configuration  7 

21.  GBU-8  Coefflclesit  Variation  with  Alrcr.'ft  Angle 

of  Attack,  Configuration  7 

22.  Effect  of  the  Addition  of  an  Inboard  370-gal  Fuel 

Tank  on  the  GBU-8,  Configurations  7 and  9 .... 

23.  A»erodynamic  Characteristics  of  the  GBU-8, 

Configuration  8 

24.  Aerodynamic  Characteristics  of  the  MK-82SE, 

Configuration  10 

25.  MK-82SE  Coefficient  Variation  with  Aircraft  Angle 

of  Attack,  Configuration  10  

26.  Aerodynamic  Characteristics  of  the  MK-82SE, 

Configuration  11 , 


Fagc 

41 

46 

51 

54 

59 

64 

68 

73 

74 

75 

76 

77 

78 

79 

80 
82 


4 


AeOCTn.7C-147 


21,  MK-82S1C  CoL'f  f iriont  Vnrlntlon  wltli  Aircraft  Angle 

of  Artnck,  Conf t.-'vi»-ntlon  11 87 

28.  lOffcct  of  nn  Adjacent  Store  on  the  MK-82SE, 

Configurations  11  an<l  11  ...  89 

29.  Aerodynamic  Characteristics  of  the  MK-82SE, 

Configuration  12  . 94 

30.  MK-82SE  Coefficient  V.ariation  with  Aircraft  Angle 

of  Attack,  Configuration  12 99 

31.  Aerodynamic  Characteristics  of  the  MK-82SEj 

Configuration  14  104 

32.  MK-82SK  Coefficient  Variation  u*ltl»  Aircraft  Angle 

of  Attack,  Configuration  14 109 

33.  Aerodynamic  Clniractcristlcs  of  the  MK-82SE, 

Configuration  15 Ill 

34.  MK-82SE  Coefficient  Variation  with  Aircraft  Angle 

of  Attack,  Configuration  15  .......  116 

35.  Aerodynamic  Characteristics  of  the  MK-82SK, 

Configuration  16 119 

36.  MK-82SE  Coefficient  Variation  with  Aircraft  Angle 

of  Attack,  Configuration  16  ........  120 

37.  Aerodynamic  Characteristics  of  the  MK-82SB, 

Configuration  17 121 

38.  MK-82SE  Coefficient  Variation  with  Aircraft  Angle 

of  Attack,  Conf  Igiirat  ion  17 122 

39.  Coefficient  with  Wing  Leading-Edge-Flap  Deflection, 

Configuration  10 123 

40.  Coeffic  one  Variation  with  Wing  Leading-Edge-FLap 

Deflection,  Configuration  11  124 

41.  Coefficient  Variation  with  Wing  Leading-Edgo-Flap 

Defloo.tion,  Configuration  12  ....  128 

42.  Coefficient  Variation  with  Wlm:  Leadlng-Edge-Flap 

Deflection,  Configuration  13  , 130 


AEt)C-TM-/e-M/ 


FiftVH‘0 

A3.  CoofficiouL  Variation  with  Wing  Loading-Edge-Flap 

Deflect  ion,  Configuration  14 133 

44.  Coefflclont  Variation  with  Wing  Leadlng-Edgc-Flap 

Deflection,  Configuration  15 . 136 

45.  Coefficient  Variation  with  Wing  Lcadlng-Kdge-Flop 

Deflection,  Configuration  16  .......  140 

46.  Coefficient  Variation  with  Wing  Lcading-Edge-Flap 

Deflection,  Configuration  17  141 


TABLES 


1 , Metric  Model  Parametera • 142 

2,  Run  Compendium  143 

3,  Typical  Data  Uncertainties 148 


MOMENCUTUHE  ...... 


149 


6 


At. DC  Tn-70  K'/ 


1.0  INTHODUCTION 

An  Invi'st  l{^aL  ton  ol  the  flow-fieUl  clinractcrlFJt.tCf:  In  the  vicinity 
of  the  mlhwfiiK  niul  Inboard  woai^onQ  atntlons  (wing  stations  / and  6)  of 
the  K-l(>  alrcrari  was  condvicted  in  the  Aerodynamic  Wind  Tunnol  (AT)  of 
the  I’ropulslon  Wind  Tunnel  Kaclilty.  Aerudynnmle  loads  on  the  tJt.U“27B/B, 
the  GHU-8,  and  the  MK“d2SK  stores  positioned  at  various  locations  in  the 
aircraft  flow  field  were  determined  for  different  combinations  of  pylons, 
rack.s,  and  weapons.  Loads  data  were  also  obtained  on  the  MK-82SE  with 
the  i'-lb  wing  lead  lng-e<lge-f  laps  deflected  0,  A,  and  15  deg.  A limited 
number  of  captive  separation  trajectories  was  acquired  with  the  MK-32SE 
and  GIUl-8  released  from  both  the  midwing  and  Inboard  weapons  pylons  at  a 
simulated  altitude  of  5,000  ft.  Tost  parameters  Included  Mach  numbers 
from  O.A  to  1.2  and  aircraft  angles  of  attack  from  0 to  10  deg, 

2.0  APPARATUS 


2.1  TP.ST  FACILITY 

The  Aerodynamic  Wind  Tunnel  (•'••<•>  ig  a closed-loop,  coutlnuoua  flow, 
var iable-den.nl ty  tunnel  In  which  the  Mach  numhor  can  be  v^.'led  from  0,1 
to  1.1  and  can  he  .sot  at  1.6  mid  2.0  by  placin'  ^oiczlt*  insevta  over  the 
permanent  sonic  nor.r.le.  At  all  Mach  numbers,  the  stagnation  pressure 
can  be  varied  from  300  to  3,700  p.sfa.  The  Coet  aectlo.i  Is  e ft  square 
and  12.5  ft  long  with  perforated,  variable  poros'.y  tO  5-  ti’  10-percont 
open)  walls.  It  Is  completely  enclosed  in  a plenum  cliambcr  from  which 
the  air  c.an  he  evacu.atod.  allowing  part  of  the  tunnel  airflow  to  be 
vemovod  tl\rougii  the  perforated  wr.lls  of  the  test  section. 

Two  sep.iiatc  .tnd  independent  support  systems  were  u.sed  to  support 
the  models.  The  parent  aircraft  model  was  Inverted  In  the  test  section 
and  .supported  by  an  offset  stlug  attached  to  the  main  pitch  sector. 

The  store  model  was  .supported  by  tlie  captive  trajectory  support  (CTS) 
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whlcli  oxtomJH  down  from  tho  tniinul  lop  w;il  1 and  provldeo  sLorc  move- 
ment  (nix  do(;rccs  of  freedom)  independent  of  the  parent  ■aircMuft  modei 
An  i noiitei  fir  clvnwlng  of  n typlc;»l  Int  ton  Is  shown  In  Fig.  1. 

AIho  aliown  In  Fig.  1 is  a block  dlugtum  of  the  computer  control 
loop  used  during  testing.  The  nnniog  system  and  tl»e  digital  computer 
work  as  an  integrated  unit  and,  utilising  t'c<}uii'ed  input  information, 
control  the  slore  movement.  Positioning  1»  acuomp.] ishod  by  use  of 
six  individual  d-c  eJectrie  motors.  Maximum  translational  travel 
of  the  CTS  l8  tl5  In.  from  the  tunnel  centerline  in  the  lateral  and 
vertical  directions  and  36  In.  in  the  a.Hial  direction.  Maximum 
angular  d i splaoements  are  l43  dog  In  pitch  and  yaw  and  1360  deg  in 
roll.  A move  complete  description  of  the  tost  facility  can  be  found 
in  the  Toot  Fncllltlea  Handbook. ^ A schematic  showing  the  test  sec- 
tion details  and  tho  location  of  the  models  in  the  tunnel  is  .shown  In 
Fig.  2. 


2.2  TEST  ARTJCLSS 

Models  used  during  this  tout  wore  0. 0667-s<;a le  replicas  of  the 
F-16  .Tircr.'ift  and  associated  pylons,  triple  (TER)  and  multiple  (MER) 
ejection  racks,  the  MK-82SF,  hl,U-?.7B/B,  and  GllU-8  munitions,  the 
AIM- 9-1  inisnilo  and  wlngllp  launcher  rail,  the  370-gal  fuel  tank,  and 
thft  Al,Q-t19-1?  KCM  pod.  Details  of  these  models  are  pro.scntcd  In 

t 

Figs.  3,  4,  and  5.  The  loading-edge  flaps  of  the  F-16  model  could  be 
act  at  .-mglc!'.  of  0,  4,  and  13  dog.  During  the  test,  tho  horizontal 
Stahl  I izer.u  of  the  F-16  model  wore  removed  to  avoid  intorf orenco  with 
the  store-model  sting  support. 


'I'est  Fad  1 Itle.s  Handbook  (Tenth  Edition).  "Propulsion  Wind 
Tunnel  Facility,  Vol.  4,"  Arnold  Engineering  Development  Center, 
May  1974. 
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Sforr  i>arfiiiuii.or{i  ufintl  in  tins  culiiuLul.  Ion  of  i:lie  aoroclyiiomjc  loads 
and  t I'lilGot  orloe  uro  includod  In  Table  1.  Tyv>ical  tunnel  iuatallation 
pli Jtoiu"tii>t»B  obowlnji  thy  Aircraft  modal,  atovoa,  and  CTS  arc  tdiown  in 
Klg,  Store  ovl<Miiat  lon  nnd  station  numbering  oaquunce  on  the  MER 
and  TF.R  are  Included  In  Fig.  7.  A oummary  of  the  various  configurations 
CGBted  la  preeentad  in  Fig.  8. 

2.3  INSTRUMENTATION 

A s ix-comiionent  tnton\al  strain-gage  balance  was  uaed  to  obtain 
store  aerodvnamlc  force  and  moment  data.  Trnnalationol  and  angular 
positions  of  the  otore  wore  obtained  from  CTS  analog  inputs  during 
separation  trajcctorlos  and  from  digital  computer  coiranands  during 
aorodynam I c test li\g . 

A touch-wire  syatom  was  used  to  accurately  position  the  store 
model  wjti'  roBpoct  to  the  aircraft  modoi.  Thu  ay«tum  was  also  u.luo- 
trtcally  wired  to  automatically  -stop  the  CTS  motion  and  give  visual  In- 
dication should  the  store  or  Its  sting  support  make  contact  with  ttny 
surface  other  than  the  touch  wire. 

3.0  TEST  DESCRIPTION 


3.1  TEST  CONDITIONS 

A oompleto  letit  summary  and  the  wind  tunnel  test  conditions  are 
given  In  TaIWo  2.  Aorodyn.amlc  loads  dat.a  were  obtained  at  Mach  numbers 
from  O.fi  to  1.2.  5>ep,aration  trajectory  data  were  obtained  at  Mach  num- 
berti  from  0.6  to  1.2.  Tunnel  conditions  were  hold  constant  at  chc 
desired  Mach  nnmhor  while  the  data  were  obtained.  The  trajoctorlos  wore 
terminated  when  the  st.tre  or  Its  sting  contactod  the  aircraft  model  or 
when  a CTS  limit  was  reached. 


9 


AEOC-TR-76147 


Z2  DATA  ACQUISITION 

3.2.1  Aerodynamic  Load*  Data 

Store  aerodynamic  data  In  the  free  stream  and  In  the  aircraft  model 
flow  field  were  obtained  In  the  following  manner.  After  tunnel  condi- 
tions were  established  and  ..  .le  aircraft  model  angle  of  attack  was  set 
(when  applicable),  the  store  was  set  at  ■ 0 (free-atreao  data)  or 
at  the  carriage  position  (Xp  Yp  “ Zp  - 0 for  aerodynamic  loads  data). 
Operational  control  of  the  CTS  was  then  switched  to  the  digital  computer, 
which  positioned  the  store  at  previously  selected  locations  related  to 
its  initial  poeltion  by  commands  to  the  CTS  (see  block  diagram.  Fig.  1). 

At  each  position  set,  the  wind  tunnel  operating  conditions  and  the  store 
model  forces  and  moments  were  measured  and  recorded.  The  model  aero- 
dynamic loads  were  then  reduced  to  coefficient  form  and  tabulated  point 
by  point  by  the  digital  computer. 

3.2.2  Trajectory  Data 

To  obtain  a trajectory,  test  conditions  were  established  In  the 
tunnel  and  the  aircraft  model  was  positioned  at  the  desired  angle  of 
attack.  Operational  control  of  the  CTS  was  then  switched  to  the  digital 
computer  which  automatically  oriented  the  store  model  at  a position 
corresponding  to  the  carriage  location  and  then  controlled  the  store 
movement  during  tbe  trajectory  through  commands  to  the  CTS  analog 
system  (see  block  diagram,  Fig.  1).  Data  from  the  wind  tunnel,  consisting 
of  measured  model  forces  and  moments,  wind  tunnel  operating  conditions, 
and  CTS  rig  positions,  were  Input  to  the  digital  computer  for  use  In 
the  full-scale  trajectory  calculations. 

The  digital  computer  was  programmed  to  solve  the  slx-degree-of-freedom 
equations  Ur.  calculate  the  angular  and  linear  displacements  of  the  store 
relative  to  the  aircraft  pylon.  In  general,  the  program  Involves  using 
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the  last  two  successively  measured  values  o£  each  static  aerodynamic 
coefficient  to  predict  the  magnitude  of  the  coefficients  ovei  the  next 
time  interval  of  the  trajectory.  These  predicted  values  are  used  to 
calculate  the  new  position  and  attitude  of  the  store  at  the  end  of  the 
time  interval.  The  CTS  is  then  commanded  to  move  the  store  model  to 
this  new  position,  and  the  aerodynamic  loads  are  measured.  If  these 
new  measurements  agree  with  the  predicted  values,  the  process  is 
continued  over  another  time  interval  of  th-a  same  magnitude.  If  the 
measured  and  predicted  values  do  not  agree  within  the  desired  precision, 
the  calculation  is  repeated  over  a time  Interval  one-half  the  previous 
value.  This  process  Is  repeated  until  a complete  trajectory  has  been 
obtained. 

In  applying  the  wind  tunnel  data  to  the 'calculations  of  the  full- 
scale  store  trajectories,  the  measured  forces  and  moments  ate  reduced  to 
coefficient  form  and  then  applied  with  proper  full-scale  stor\>  dimen- 
sions and  flight  dynamic  pressure.  Dynamic  pressure  was  calculated 
using  a flight  velocity  equal  to  the  free-stream  velocity  component  plus 
the  components  of  store  velocity  relative  to  the  aircraft,  and  a density 
corresponding  to  the  simulated  altitude. 

The  initial  portion  of  each  launch  trajectory  incorporated  simulated 
ejector  forces  in  addition  to  the  measured  aerodynamic  forces  acting  on 
the  store.  The  ejector  force  was  considered  to  act  perpendicularly  to 
the  pylon  or  rack  mounting  surface.  The  ejector  forces  and  locations, 
along  with  other  full-scale  store  parameters  used  In  the  trajectory  cal- 
culations, are  Included  In  Table  1. 

3.3  CORRECTIONS 

Balance,  sting,  and  support  deflections  caus  d by  the  aerodynamic 
loads  on  the  store  models  were  accounted  for  in  the  data  reduction  pro- 
gram to  calculate  the  true  store-model  angles.  Corrections  were  also 
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macii'  for  iiuhU' 1 wolyjht  tares  to  calculate  the  net  aerodynamic  forces 
on  I Li'  storo  model.  No  correction  was  made  to  account  for  angular 
deflect  Ions  of  the  aircraft  model. 

3.4  PRECISION  OF  DATA 

Data  obtained  using  the  CTS  are  subject  to  error  from  several 
sources  Including  tunnel  conditions,  balance  measurements,  extrapo- 
l.ition  tolerances  allowed  in  predicting  coefficients  (for  trajectory 
data),  and  CTS  positioning  control.  The  maximum  error  In  CTS  position 
control  was  ±0.05  In.  (0.06  ft  full  scale)  In  translational  settings, 
±0.15  deg  for  angular  displacement  settings  In  pitch  and  yaw,  and 
±1.0  deg  In  roll.  Extrapolation  tolerances  were  ±0.10  for  each  of 
the  aerodynamic  coefficients.  Typical  uncertainties  in  the  full-scale 
position  data  resulting  from  balance  precision  limitations  are  presented 
in  Table  3.  These  values  are  conservative  in  that  they  were  determined 
by  assuming  that  balance  measurement  errors  accumulate  as  a bias  un- 
certainty In  the  trajectory  calculations.  Uncertainties  in  the  aero- 
dynamic coefficients  obtained  during  the  flow-field  surveys  are  also 
included  In  this  table.  All  calculated  coefficient  uncertainties  are 
based  on  a 95-percent  confidence  level.  The  uncertainty  in  determining 
the  aircraft  model  angle  of  attack  is  estimated  to  be  no  larger  than 
±0.10  deg. 


4.0  RESULTS  AND  DISCUSSION 

Selected  aerodynamic  free-stream  data,  aerodynamic  loads  (grid) 
data,  and  separation  trajectory  data  are  included  in  this  report.  The 
data  included  were  chosen  to  show  the  basic  aerodynamic  characteristics 
of  each  store  in  the  various  configurations  or  to  indicate  the  effect 
on  the  store  of  changing  a particular  parameter.  The  configurations  for 
which  data  were  acquired  are  shown  in  Fig.  8.  Although  only  a portion 
of  the  total  data  obtained  is  presented,  a complete  sumsary  of  the  test 
is  included  in  Table  2.  Model  paratieters  used  in  the  data  calculations 
are  detailed  in  Table  1. 
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4.1  TRAJECTORY  DATA 

Separation  trajectory  data  were  obtained  on  the  GBU-8  and  MK~82SE 
stores  only.  These  data  are  presented  in  Figs.  9 and  10  in  the  flight- 
axis  coordinate  system  with  the  origin  at  the  carriage  position  of  the 
respective  store.  Upon  release^  the  GBU-8  exhibited  slight  pitch  and 
yaw  oscillations,  thte  magnitude  of  which  varied  with  Mach  number.  The 
MK-82SE  exhibited  a much  larger-  initial  pitch  rate.  At  Mach  numbers  of 
0.9  and  0.93,  the  initial  pitch  motion  was  so  rapid  that  CTS  travel  limits 
were  encountered  before  the  store  reached  the  maximum  nose-down  pitch 
attitude. 

4.2  FREE-STREAM  DATA 

Summaries  of  the  aerodynamic  coefficients  obtained  in  the  free  stream 
with  the  three  store  models  are  included  in  Fig.  11.  The  data  are  pre- 
sented as  store  body-axis  coefficients  and  were  acquired  with  the  P-16 
aircraft  model  removed  from  the  wind  tunnel. 

4.3  AERODYNAMIC  LOADS  SURVEYS 

Aerodynamic  body-axis  coefficients  obtained  from  the  surveys  made 
In  the  influence  of  the  F-16  flow  field  are  presented  in  Figs.  12  through 
19  for  the  BLU-27B/B,  in  Figs.  20  through  23  for  the  GBU-8,  and  in 
Figs.  24  through  46  for  the  MK-82SE.  The  data  are  plotted  as  functions 
of  the  pylon-axis  spatial  coordinates  at  which  the  data  were  acquired. 

The  indicated  aircraft  configurations  are  defined  in  Fig.  8.  All  surveys 
were  initiated  with  the  store  in  the  carriage  position  at  the  pylon  and 
rack  location  given  in  the  figure  heading.  Rack  atatlons  are  numbered 
as  shown  in  Fig.  7. 
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In  general,  flow-field  effects  on  the  aerodynamic  coefficients  of 
the  BLU-27B/B  had  dissipated  at  a vertical  separation  of  16  ft  or 
greater,  regardless  of  the  aircraft  configuration.  The  actual  distance 
at  which  the  effects  wore  no  longer  significant  did  vary  slightly  with 
configuration  and  with  the  aerodynamic  coefficient  under  consideration. 

Aircraft  flow-field  effects  noted  on  the  GBU-8  were  considerably 
more  pronounced  than  those  on  the  BLU-27B/B  and  persisted  to  distances 
beyond  18  ft  (especially  at  auperaonic  Mach  numbers).  The  variation  in 
coefficients  resulting  from  the  addition  of  a 370-gal  fuel  tank  to  the 
Inboard  pylon  was  most  evident  at  1.2  and  also  continued  beyond 

18  ft  vertically  from  the  aircraft. 

Data  acquired  with  the  MK-82SE  Indicated  that  the  aerodynamic  coef- 
ficients were  approaching  free-stream  values  at  separations  of  16  ft 
when  the  aircraft  angle  of  attack  was  6 deg  or  less.  At  en  angle  of 
attack  of  10  deg,  the  effect  of  the  P-16  flow  field  was  still  evident 
at  18  ft,  which  was  the  maximum  vertical  separation  obtained  with  the 
MK-82SE. 

The  change  in  aerodynamic  coefficients  caused  by  deflecting  the 
F-16  wing- leading-edge  flaps  4 deg  and  15  deg  was  Investigated  using 
the  MK-82SE.  The  variation  caused  by  placing  the  flaps  in  the  4-deg 
position  was  very  small  and  had  dissipated  within  1 ft  of  the  carriage 
position.  The  effects  with  the  15-deg  flap  deflection  were  of  greater 
magnitude  and  extended  beyond  14  ft  separation  in  some  instances.  The 
actual  distance  at  which  the  flap  effects  ceased  to  be  significant  was 
configuration  dependent. 
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Figure  2.  Sdwmatia  of  tret  imtallaiiom. 


BLU-27B/B  or  GBU-8 


4.029 


0 033 


AEI)CT«-7f..M7 





AEDC-TR-76-147 


77  WING  LOWEN 

SUAr*CC  CONTOUft-^ 
WL  G OOS—,_^»^.  \ 

a«3 


-o.srj 

H I3_ 


2ii*  ■—  2.600  — “ ■'  •* 

SlOC 


j— fWO  10-IN.  SUSECNSION  EOINT 

SIDE  View 


— *,«00 ^-0  4IG 


'■'IT*--; 

0.CC7- 


^.S3SN 

! atoo 


8L4  7M 

L ' .. 

3S*  r*'“*iain 


tm 

^ K 

H r-0.4 


' h>.4oo 

SCCTIOM  A.A 


View  tt-8 

ruei  TANK  PYLON  | IN80AN0) 


ft  20  420 

T5  40  N40  5U(,fAt£  CONtOUN" 


T" ! 


^ -yg: — 


—fmo  so-m  $u5nM$iON  point 


1^1.226-H 

15*  I I p 


L 

0203 

i 

(K -UZ 

S-ao8o^ 

-0  132 

1 * 

•^0  192 

1^1  400-^ 

h—  I.JS<  — 1 

O3C0 


^—4-  — o.»o 

•”—1—0. 780 
StCTION  k.A 


DIMENSIONS  IN  INCHES 


WEAWUNS  WYLON  (CCNTCK  and  INSOARO) 

b.  Midwing  snd  inboard  pylons 
Figure  6.  Continued. 


0 2 500  SPACES ITYP) 


5T  S 

T K>  2 

O 6 s 


o — 

K 

O 5 


, \ 1 fj 


r it 

' - O 

fO  o ^ 

S * 

T 


AEOC  TB  76  147 


30 


Figure  6.  Installation  photographs. 
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SYMBOL  CONFIG  « M,  STORE  PYLON  fWCK 
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NOMENCLATURE 

BL  Aircraft  buttock  line  from  plane  of  symmetry,  In.,  model  scale 

b Store  reference  dimension,  ft,  full  scale 

C.  Store  measured  axial-force  coefficient,  axial  force/q  S 

A » * too 

Cjj  Store  rolling-moment  coefficient,  rolling  moment/q^Sb 

C Store  roll-damping  derivative,  dC./d(pb/2V  ) 

V.  JL  ^ 

P 

Store  pitching-moment  coefficient,  referenced  to  the  store  eg, 
pitching  moment/q^Sb 

C Store  pitchr'dsT.ping  derivative,  dC  /d(qb/2V^) 

"'q 

Store  normal-force  coefficient,  normal  forco/q^S 

Store  yawing-moment  coefficient,  referenced  to  the  store  eg, 
yawing  moment/q^Sb 

C Store  yaw-damping  derivative,  dvJ  /d(rb/2V^) 

r 

Store  side-force  coefficient,  side  force/q_^S 

FS  Aircraft  fuselage  station,  in. , model  scale 

F Forward  elector  force,  lb 

^1 

F Aft  ciector  force,  lb 

^2 

h Simulated  pressure  altitude,  ft 
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At-OCTH-ve-ll? 


Full-scale  moment  of  inertia  iibout  the  store  X axis, 

2 ^ 

siug-f t 

Full-scale  moment  of  Inertia  about  the  store  axis 
2 ® 

slug-fc 

Full-scale  moment  of  inertia  about  the  store  Z_  axis, 

. . 2 ® 

s lug-f  t 

Free-stream  Mach  number 

Full-scale  store  mass,  slugs 

Free-stream  total  pressure,  psfa 

Free-stream  Static  pressure,  psfa 

Free-stream  dynamic  pressure,  psf 

2 

Store  reference  area,  ft  , full  scale 

Real  trajectory  time  from  initiation  of  trajectory,  sec 
Free-stream  velocity,  ft/sec 

Aircraft  waterline  from  reference  horizontal  plane.  In., 
model  scale 


X Separation  distance  of  the  store  eg  parallel  to  the  flight 

axis  system  X,,  direction,  ft,  full  scale  measured  from  the 

s' 

prelaunch  position 


Full-scale  eg  location,  ft,  from  nose  of  store 
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X,  Forward  ejector  location  relative  to  the  store  eg,  positive 

' forward  to  store  eg,  ft,  full  scale 

X,  Aft  ejector  piston  location  relative  to  the  store  eg,  positive 

forward  of  store  eg,  ft,  full  scale 

Xp  Separation  distance  of  the  store  eg  parallel  to  the  pylon  axis 

system  Xp  direction,  ft,  full  scale  measured  from  the  prelaunch 
position 

Y Separation  distance  of  the  store  eg  parallel  to  the  flight 

axis  system  Yp  direction,  ft,  full  scale  measured  from  the 
prelaunch  position 

Yp  Separation  distance  of  the  store  eg  parallel  to  the  pylon 

axis  system  Yp  direction,  ft,  full  scale  measured  from  the 
pre launch  position 

Z Separation  distance  of  the  store  eg  parallel  to  the  flight 

axis  system  Zp  direction,  ft,  full  scale  measured  from  the 
prelaunch  position 

Zp  Fjcctor  piston  stroke  length,  ft,  full  scale 

Zp  Separation  distance  of  the  store  eg  parallel  to  the  pylon 

axis  system  Zp  direction,  ft,  full  scale  measured  from  the 
prelaunch  position 

IX  Aircraft  model  angle  of  attack  relative  to  the  free-stream 

wind  vector,  deg 

Store  model  angle  of  attack  relative  to  the  free-stream 
wind  vector,  deg 


AtDC-TIl  /O-I-IV 


0 Angle  betwcev>  the  store  longitudinal  axis  and  its  projection 

in  tlie  Xj,  - Yp  plane,  deg 

i|)  Angle  between  the  projection  of  the  store  lateral  axis  in 

the  V, , - plane  and  the  Y„  axis,  deg 
r r 1* 

Angle  between  the  projection  of  the  store  longitudinal  axis 
in  the  X_  Y_  plane  and  the  X„  axis,  deg 

r 1‘  r 

FLIGHT-AXIS  SYSTEM  COORDINATES 
Directions 

Xp.  Parallel  to  the  frec-stream  wind  vector,  positive  direction 

is  forward  as  seen  by  the  pilot 

Vp,  Perpend Iculur  to  the  Xp  and  directions,  positive  direction 

is  to  the  right  as  seen  by  the  pilot 

7.,  In  the  aircraft  plane  of  symmetry,  perpendicular  to  the 

r 

f roe-stream  wind  vector,  positive  direction  is  downward 

The  flight -axis  system  origin  is  coincident  with  the  aircraft  eg 
and  remains  fixed  with  respect  to  the  parent  aircraft  during  store, 
separation.  The  X.,,  Y^.,  and  Z^  coordinate  axes  do  not  rotate  with 
respect  to  the  initial  flight  direction  aitd  attitude. 

STORE  BODY-AXIS  SYSTEM  COORDINATES 

Directions 

Xjj  Parallel  to  the  store  longitudinal  axis,  positive  direction 

is  upstream  in  tlie  prelaunch  position 
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Perpendiculnr  to  the  store  longitudinal  axls>  and  parallel 
to  the  fllgtit-axls  system  plane  when  tlie  store  Is  at 

zero  roll  angle,  positive  direction  Is  to  the  right  looking 
upstream  when  the  store  Is  at  zero  yaw  and  roll  angles 

Z_  Perpendicular  to  both  the  ,X„  and  Y„  axes,  positive  direction 

15  O D 

is  dovmward  as  seen  by  the  pilot  when  the  store  is  at  zero 
pitch  and  roll  angles 

The  store  body-axis  system  origin  is  coincident  with  the  store  eg 
and  moves  with  the  store  during,  separation  from  the  parent  airplane. 

The  X„,  Y„,  and  coordinate  axes  rotate  with  the  store  in  pitch,  yaw, 

O ti  D 

and  roll  so  that  mass  moments  of  inertia  about  the  three  axes  are  not 
time-varying  quantities. 

PYLON-AXIS  SYSTEM  COORDINATES 

Oirectioni 

Xp  Parallel  to  the.  aircraft  longitudinal  axis,  positive  direction 

is  forward  as  seen  by  the  pilot 

Yp  Perpendicular  to  the  Xp  axis  and  parallel  to  the  flight-axis 

system  5^~Yp  plane,  positive  direction  is  to  the  right  as 
seen  by  the  pilot 

Zp  Perpendlcolac  to  both  the  Xp  and  Yp  axes,  positive  direction 

is  downward 

The  pylon-axis  system  origin  is  coincident  with  the  store  eg  in 
the  prelaunch  carriage  position.  The  axes  are  rotated  with  respect  to 
the  flight-axis  system  by  the  pitch  angles  of  the  aircraft.  Both  the 
origin  and  the  direction  of  the  coordinate  axes  remain  fixed  with  respect 
to  the  flight-axis  system  throughout  tlie  trajectory. 
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AERODYNAMIC  LOADS  AND  SEPARATION  aiARACTERISTICS 
OF  THE  BLU-27B/B,  MK-82SE,  AND  GBU-8  WEAPONS 
IN  THE  F-16  AIRCRAFT  FLOW  FIELD 
AT  MACK  NUMBERS  FROM  0.4  UO  1.2 
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Arnold  Engineering  Development  Center 
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The  Xcg  value  of  6.608  quoted  for  the  GBU-8  store  in 
Table  1 should  have  been  5.135. 

Please  substitute  the  corrected  table  in  your  copy  of 
the  report. 

1.  Mttb'ic  Modal  Paramatara 


BLU-27  D/B 

GBU-8 

MK-82SE 

b 

1.  S63 

1.5 

0.  896 

NA 

-18.048 

-5.0 

c», 

“9 

NA 

-180.4a 

. 

•53.0 

NA 

-180.48 

-53.0 

NA 

2030.  0 

1680.  0 
1113.0* 

*• 
, " 

NA 

1780.0 

1333.  3 
1900.  0* 

b 

NA 

5. 000 

5,000 

>xx 

NA 

24.7 

2. 1 

lyy 

NA 

524.2 

53.0 

hz 

NA 

524.2 

53.0 

& 

NA 

70.  243 

17.1 

S 

1.917 

1.7G7 

0.  630 

5.  358 

5. 135 

3.  375 

NA 

0.  817 

1,  000 

NA 

-0.  850 

-0.  667 

NA 

0.  343 

0.  343 

'“Selected  Run.') 


